The evolution of genetic sex determination in eukaryotes is often accompanied by the 25 morphological and genetic differentiation (heteromorphy) of sex chromosomes. Sex 26 determination systems are of particular interest in insect vectors of human pathogens like 27 mosquitoes, for which novel control strategies aim to convert pathogen-transmitting females 28 into non-biting males, or rely on accurate sexing for the release of sterile males. In the major 29 arbovirus vector, the mosquito Aedes aegypti, sex determination is thought to be governed by 30 a dominant male-determining locus (M-locus) spanning only a small portion of an otherwise 31 homomorphic chromosome 1. Here, we provide evidence that the Ae. aegypti sex-32 determining chromosome is differentiated between males and females over a region 33 considerably larger than the M-locus, showing the features of an XY chromosomal system 34 despite the apparent homomorphy. In laboratory F2 intercrosses, we could not detect 35 recombination events in F1 males along at least 28% of the physical length of chromosome 1, 36 corresponding to 62% of its cytogenetic length. Sex-specific distortions from the expected 37 genotype ratios in the F2 progeny were consistent with the XY system and were not found on 38 distal parts of chromosome 1 or on the other two chromosomes. The same chromosomal 39 region showed substantial genetic differentiation between males and females in unrelated 40 wild populations from Australia and Brazil, pointing to the commonality of these 41 chromosomal features in Ae. aegypti. Our discovery of cryptic sex-chromosome 42 differentiation in Ae. aegypti has important implications for linkage mapping studies, for 43 analyses of population structure, and for the crossing practices to randomize the genetic 44 background of populations in mosquito control strategies. 45 46
Introduction
Australia were correctly identified as males or females. Conversely, genetic separation based 237 on variation on chromosomes 2 and 3 was no better than random (33% and 55% accuracy for 238 chromosome 2, 44% and 64% for chromosome 3 in the Brazilian and Australian samples, Given that DAPC finds linear combinations of alleles (i.e., discriminant functions) 243 which best separate the clusters [27] , sex-linked markers can be identified as those with the 244 highest contribution to discrimination between males and females. In agreement with an XY 245 sex-determination system where one sex is expected to be heterozygous, 30 RAD markers 246 with the highest contribution to the discriminant function were heterozygous (analogous to 247 XY) in (nearly) all males and homozygous (analogous to XX) in all females of both 248 populations. Importantly, these markers are located on supercontigs that have been mapped 249 outside of the M-locus chromosomal region (Supplementary file 4). Variants were annotated 250 as being in the intergenic, downstream and intron sequences (with modifier effects) rather 251 than in the coding sequences (Supplementary file 4).
253
Discussion 254 We provide evidence that the sex-determining chromosome in Ae. aegypti is 255 sufficiently genetically differentiated to show features of an XY chromosomal system despite 256 apparent homomorphy. Results from the laboratory crosses and unrelated wild populations 257 point to the commonality of these chromosomal features in Ae. aegypti from the New World 258 and Austral-Asia. Our findings challenge the traditional view that the sex-determining chromosome in Ae. aegypti behaves like an autosome outside a small, non-recombining sex-260 determining region (i.e., the M-locus).
261
Synteny analyses between Ae. aegypti and the malaria mosquito Anopheles gambiae 262 revealed a complex evolutionary history of their sex-determining chromosomes [21] . Even While sex chromosomes in Ae. aegypti are morphologically undifferentiated, they 305 were nevertheless genetically differentiated between sexes in our wild population samples.
306
High FST values between wild males and females from the same population spanned a 307 pericentromeric 50-Mbp region from band 1p25 to band 1q33 (Figure 2) , which matches the region of reduced recombination delineated in our laboratory crosses (Figure 1 ). Furthermore, genotypes at the most differentiated (i.e., putative sex-linked) markers were in agreement 310 with the XY sex-determination system, with homozygous (i.e., analogous to XX) females and 311 heterozygous (i.e., analogous to XY) males.
312
Our analyses give conservative estimates of sequence differentiation between sex 313 chromosomes in Ae. aegypti because the datasets consisted of RAD tags found in both sexes; 314 any male-specific sequences without gametologs (i.e., homologous sequences on the non- 
